mental health service contacts, on offspring aggression measured in the AEDC. Results Having a parent with a history of offending was significantly associated with high levels of offspring aggression in early childhood. The strength of association was greatest when parents were involved in frequent (≥6 offences: adjusted odds ratio [aOR] range = 1.55-1.73) and violent (aOR range = 1.49-1.63) offending. Both maternal and paternal offending remained significant predictors of offspring aggression after accounting for parental mental illness, and associations were similar in magnitude for maternal and paternal offending histories. Conclusions Parental history of severe criminal offending increased the risk of high levels of aggression in offspring during early childhood, highlighting the need for intervention with families during this key developmental period.
Introduction
The transmission of antisocial behaviour and offending from one generation to the next is well established in criminological research; however, much of this research has focused on the impact of fathers' rather than mothers' offending and offspring outcomes in adolescence and adulthood rather than childhood [1] [2] [3] [4] . The emphasis placed on fathers is not surprising given the low rates of offending among women relative to men, particularly for serious and violent offending [5, 6] . As a result, few studies have included a large enough number of offending mothers to be able to examine different parameters 1 3 of offending (e.g., age of onset, duration, frequency, and type). The use of multi-generational linked population data in the present study facilitated the investigation of the influence of maternal and paternal offending frequency and type (violent, nonviolent, and minor) on high levels of childhood aggression assessed at age 5 years, in the context of a number of important potential risk factors (e.g., child's sex, socioeconomic disadvantage, and parental mental health status).
Among the studies that have specifically investigated the effects of maternal offending on offspring outcomes, results have been conflicting. Some suggest that fathers plays a more direct role in the transmission of delinquency and offending, whereas the impact of mothers tends to be mediated by other factors (e.g., parenting practices) or is less predictive compared to fathers [4, 7, 8] . Other recent studies have provided contrasting evidence indicating an important effect of maternal offending on offspring outcomes, which in some cases exceeds that of fathers [9] [10] [11] . For example, a five generation Dutch study found that having a mother involved in serious delinquency (e.g., property offences, violent offences, and drugs and weapon offences) conferred as much, if not more, risk for offspring delinquency relative to having a father involved in serious offending [9] . The extent to which the transmission of offending is sex specific (i.e., mothers to daughters and fathers to sons) remains unclear, while there is often a strong relationship between same-sex intergenerational pairs, the small numbers of mothers and daughters involved in offending make it difficult to conclusively determine the sex specificity of this transmission [9, 12] .
In examining the impact of parental offending on offspring, rather than examining the presence of any offending or antisocial behaviour in parents, it is critical to consider multiple parameters of offending (e.g., type, age of onset, frequency, and persistence) that distinguish different trajectories and profiles of offenders [13] . One study found that offspring of fathers on a high-rate persistent offending trajectory started offending earlier and were more involved in frequent offending across the life course compared to the offspring of fathers who desisted or were sporadic offenders [3] . While there is a growing body of epidemiological research on the transmission of offending and antisocial behaviour [10, [14] [15] [16] , few studies have been sufficiently powered or have the comprehensive criminal history data available to determine the impact of multiple parental offending parameters on offspring outcomes. A large study of approximately 2 million individuals using Swedish register data has more closely examined the transmission of specific types of offending and demonstrated that violent crime is transmitted from parent to offspring to a greater degree than involvement in other crime types (i.e., property and white collar crime) [15, 17] .
Despite increasing evidence of the early childhood origins of aggression and antisocial behaviour [18] , research on the impact of parental offending has not focused on childhood. Research on the transmission of conduct problems (i.e., disruptive, oppositional, and externalising behaviours) to offspring in childhood finds evidence of moderate to strong effects [19] [20] [21] [22] . Parents with a history of conduct disorder also experience significant disadvantage as adults (e.g., socioeconomic disadvantage and poor romantic relationships), and in turn expose their own children to high levels of adversity and tend to provide suboptimal caregiving environments [21] . Moffitt [23] suggests that these cumulative developmental forces explain the continuity of antisocial behaviour from early childhood in a small group of individuals, namely, a life-course persistent subgroup (5-10% of the population), who engage in pathological levels of criminal and antisocial behaviour [23] [24] [25] . The first signs of childhood problems with inhibitory control and emotion regulation typically become apparent at school entry, and aggression is one key outcome of these problems [24] . The small group of children exhibiting the highest levels of aggression at school entry are at high risk of continuing on a high-aggression trajectory that manifests in offending in adolescence [26] . Other predictors of early childhood aggression include male sex, socioeconomic disadvantage, young motherhood, maternal mental illness, and substance use problems [27] [28] [29] [30] .
Aim
The aim of this study was to examine the influence of parental history of offending on offspring aggression at school entry in a large epidemiological sample of over 69,000 Australian children. First, we determined the contribution of both maternal and paternal involvement in offending on offspring aggression in early childhood. Second, we examined the differential impact of both frequency and type of offending on offspring aggression. Third, considering the known association between offending and mental ill health [5, 31, 32] , we established whether the relationship between parental offending and offspring aggression held while accounting for parental history of mental illness.
Methods

Sample and procedures
The New South Wales Child Development Study (NSW-CDS; nsw-cds.com.au) is a state-wide prospective, longitudinal, population-based study that uses record linkage of data collections from the most populous State in Australia. This multi-agency, multi-generational data linkage combines information from a teacher-reported cross-sectional survey with administrative records from numerous sources (e.g., health, crime, welfare, and education), and includes both child and parent records [26] . In accordance with strict privacy protection protocols, record linkage was conducted in 2014 by an independent agency, the Centre for Health Record Linkage (CHeReL; http://www.cherel.org.au) using probabilistic record linkage methods. Child and parent records were linked using matching variables, including name, date of birth, residential address, and sex. False-positive linkages in the NSW-CDS were low, with a rate of 3/1000 persons (0.3%) associated with linkage of child data collections, and 5/1000 persons (0.5%) for the linkage of parents to their children. The NSW-CDS was defined by the children's entry into the first year of full-time schooling (kindergarten) in 2009 at approximately 5 years of age in the state of New South Wales (NSW). For each child in the state (99.9% of the eligible NSW children; N = 87,026), teachers completed the Australian Early Development Census (AEDC). The AEDC was developed in Canada and is a population measure of children's developmental health at school entry [33] . The psychometric properties of the AEDC have been examined extensively in multiple countries, and have been established using Rasch modelling [34] [35] [36] [37] [38] . The AEDC's predictive validity has also been demonstrated in relation to middle childhood educational achievement, wellbeing, and peer relations [39, 40] . Of the 87,026 children who participated in the AEDC, it was possible to link parental records for 72,245 children, whose births were registered in NSW using the NSW Register of Births, Deaths, and Marriages-Birth Registrations [41] . 1 Valid AEDC data were available for 69,116 of these children (children with special needs were excluded 2 ).
Measures
Child aggression
Offspring aggression at age 5 years was assessed using the Aggressive Behaviour subdomain of the AEDC. Kindergarten teachers answered seven questions regarding children's aggression (i.e., gets into physical fights; bullies or is mean to others; kicks, bites, hits; takes things; laughs at other children's discomfort; disobedient; and temper tantrums). Children were considered 'developmentally vulnerable' if they scored in the bottom 10% of the national AEDC population distribution [33] . In the current state sample, 8.3% of children (N = 5510) were considered 'developmentally vulnerable' for aggressive behaviour using this criterion; in other words, these children exhibited the highest levels of aggression at school entry based on the national distribution and are likely to include the small group (5-10%) of life-course persistent antisocial individuals [23, 42] . A dichotomous outcome was, therefore, computed reflecting high levels of child aggression.
Maternal and paternal offending
Parental offending was obtained from the NSW Bureau of Crime Statistics court appearance data (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) ). This included information on all criminal court appearances (not limited to convictions) for charges before the Local, District, Supreme, and Children's Criminal Courts. For each individual charge, categorical indicators for offending frequency and type were created for offspring with offending mothers (8.4%) and fathers (25.5%). Parental offending frequency was based on the number of parental charges. Due to the highly skewed distribution of offending frequency, categorical indicators were created as follows: 0) no offences; 1) one offence; 2) two-to-five offences; and 3) six or more offences. To compute the offending type indicator, mothers and fathers were hierarchically assigned to one of the following groups based on their most serious type of offence: 0) none: no offences; 1) minor: at least one offence of minor type (e.g., traffic and vehicle offences, public health, and safety offences); 2) nonviolent: at least one offence of nonviolent type (e.g., theft, burglary, fraud, and drug offences); and 3) violent: at least one violent offence (e.g., homicide, assault, aggravated robbery, and sexual assault). Descriptive statistics for these indicators are provided in Table 1 .
Maternal and paternal mental illness
Parental mental illness was obtained from the NSW Ministry of Health Mental Health Admitted Patients (public and private hospitals) and Mental Health Ambulatory (public outpatient) records (2001-2009
). Dichotomous indicators were computed for offspring, whose mothers (11.3%) and fathers (6.4%) had contacts with public mental health services for any type of mental illness.
Socio-demographic covariates
To account for known associations with child aggression, the following socio-demographic covariates were included: child sex, child English as a second language (ESL), maternal age at child's birth, and socioeconomic status (SES). Child sex (female/male) and ESL (no/yes) were derived from the AEDC. which measures the average income and employment status for each residential postcode in Australia [43] . A dichotomous SES indicator was created by recoding the national quintiles into those most disadvantaged (two most disadvantaged quintiles) and least disadvantaged (three remaining quintiles).
Statistical analyses
Hierarchical logistic regression analyses predicting offspring aggression were conducted in IBM SPSS 23 [44] .
Rather than using a software-driven, stepwise approach, we used a sequential approach and added blocks of variables to determine how the addition of key exposure variables (parental offending and mental illness) influenced other variables entered in the earlier blocks [45] . First, to account for the impact of socio-demographic characteristics on child aggression in the absence of the key exposure variables, we included only the four socio-demographic covariates (Block 1). Second, to determine how much the inclusion of the different parental risk variables changed their respective relationships to offspring aggression, we first added to the model maternal offending (Block 2), followed by paternal offending (Block 3) and, finally, parental mental illness (Block 4). Separate analyses were conducted to examine the impact of parental offending frequency (0, 1, 2-5, and ≥6) and type (none, minor, nonviolent, and violent). 4, 5 Results were considered statistically significant if the 95% confidence intervals (CI) did not cross 1.
Several sensitivity analyses were also conducted. To determine any sex differences or sex-specific patterns in the association between parental offending and offspring aggression, all analyses were conducted separately for males and females. On account of the known link between substance use and offending [46] , analyses were also completed with indicators of maternal (2.6%) and paternal (2.8%) substance use disorders instead of any parental mental illness. 6 To verify whether the results remained consistent when excluding children of non-offending parents, analyses were also conducted restricting the sample to include only those children with an offending mother 4 To account for the potential influence of parental absence due to incarceration, analyses were conducted excluding the 1996 children with a parent who had been incarcerated (296 mothers and 1818 fathers). Results were unchanged. 5 Analyses were also conducted excluding children whose parents had a court appearance for non-criminal regulation offences only (e.g., speeding fines, debts; n = 2639) from the reference group. Results were unchanged. 6 The prevalence of other mental health problems known to be associated with offending (i.e., antisocial personality and childhood externalizing disorders) was too low to be examined separately.
(N = 5711) and those with an offending father (N = 17,493) . Moreover, to determine the relative importance of parental offending frequency compared to type, two logistic regression analyses were conducted with these parental offender subsets, with frequency and type of parental offending included simultaneously in the models.
Results
Sample characteristics
Descriptive statistics for the total sample (N = 69,116) are presented in Table 1 . To determine overall profiles of children, whose mothers were involved in offending, these descriptive statistics were also stratified by maternal offending frequency. A dose-dependent pattern was observed between maternal offending frequency and all the variables except for child sex and ESL. Specifically, as maternal offending frequency increased, so did the prevalence of young maternal age at child birth, socioeconomic disadvantage, paternal offending frequency, parental mental illness, and offspring aggression. Notably, among children, whose mothers had a history of six or more offences, 71.7% lived in the most disadvantaged areas in the state, 57.4% had a father with a history of six or more offences, and 64.0% had a mother with a history of mental illness, compared to 43.2, 4.1, and 9.2% of children with nonoffending mothers, respectively.
Frequency of parental offending and offspring aggression
Unadjusted odds ratios (ORs) were computed using logistic regression for parental offending frequency. For mothers' offending, the unadjusted ORs were 1.45 (95% CI = 1.28-1.66) for one offence, 2.05 (95% CI = 1.81-2.32) for two-to-five offences, and 3.15 (95% CI = 2.73-3.64) for six or more offences. For fathers, the unadjusted ORs were 1.38 (95% CI = 1.26-1.51) for one offence, 1.64 (95% CI = 1.51-1.78) for two-to-five offences, and 2.52 (95% CI = 2.31-2.75) for six or more offences. Hierarchical logistic regression results with parental offending frequency are presented in Table 2 . 7 All four socio-demographic covariates (child sex, ESL, maternal age at child's birth, and socioeconomic disadvantage) in the baseline model (Block 1) were significantly associated with offspring aggression. Males were three times more likely than females (OR = 3.05; 95% CI = 2.87-3.24) to exhibit high levels of aggression at age 5 years. When maternal offending frequency was added to the model in Block 2, all four socio-demographic covariates remained statistically significant and their magnitudes of association were unchanged. Relative to the reference group with no maternal history of criminal offending, all three categories of maternal offending frequency (1; 2-5; ≥6) were associated with high levels of offspring aggression in Block 2. The magnitude of association increased with greater frequency of offending; in particular, maternal history of six or more offences showed the highest magnitude of association with an odds ratio of 2.69 (95% CI = 2.32-3.13) in Block 2. Paternal offending frequency was added to the model in Block 3, and the ORs for all three paternal offending frequency categories (1; 2-5; ≥6) were statistically significant, though slightly lower in magnitude relative to maternal offending frequency, and ranged from 1.30 to 1.74. With the addition of paternal offending, the ORs for maternal offending decreased in magnitude, and a maternal history of one offence was no longer significantly associated with offspring aggression. Parental mental illness was added to the model in Block 4, which decreased the magnitude of the ORs for maternal and paternal offending across frequency categories, resulting in similar effect sizes for both parents. The magnitudes of the ORs for the child's sex and ESL remained stable, while maternal young age at child's birth and socioeconomic disadvantage decreased compared to the previous 
Type of parental offending and offspring aggression
Unadjusted ORs were computed using logistic regression for maternal and paternal offending type (none, minor, nonviolent, and violent). For mothers, the unadjusted ORs were 1.48 (95% CI = 1.25-1.74) for minor 8 Analyses with interaction effects between parental offending and mental illness were examined and were non-significant. offending, 1.85 (95% CI = 1.65-2.08) for nonviolent offending, and 2.70 (95% CI = 2.38-3.07) for violent offending. For fathers, the unadjusted ORs were 1.35 (95% CI = 1.21-1.49) for minor offending, 1.67 (95% CI = 1.53-1.82) for nonviolent offending, and 2.14 (95% CI = 1.98-2.31) for violent offending. Results of the hierarchical logistic regression model with parental offending type are presented in Table 3 . Patterns of association for parental offending type were similar to those obtained for offending frequency (Table 2) , although the magnitude of the ORs for violent offending was smaller than that of frequent (≥6) offending across the blocks of the model. As with maternal history of one offence, maternal history of minor offending was no longer significant after fathers' offending and parental mental illness were added to the model. 
Sensitivity analyses
Sex-specific analyses
Both sets of analyses (parental offending frequency and type) were completed separately for males and females (see Online resource Tables S1-S4 ). The results for male offspring, for both parental frequency, and type of offending were mostly unchanged from those obtained for the full sample, and the magnitudes of the ORs for mothers' and fathers' offending were the same in the analyses restricted to male offspring (Tables S1-S2 ). For female offspring (Table S3) , the OR for mothers involved in six or more offences in the final Block was 2.05 (95% CI = 1.56-2.68), which was greater than that for fathers (OR = 1.46; 95% CI = 1.20-1.78) and greater than it was in the full sample (OR = 1.73; 95% CI = 1.47-2.4). Similarly, the ORs for maternal violent offending were greater than those for fathers in the analyses restricted to female offspring, and paternal involvement in minor offences was no longer significant (Table S4) .
Parental substance use disorder
Analyses were repeated with parental substance use disorder as an exposure variable, in place of any parental mental illness (see Online resource Tables S5-S6 ). The overall patterns of association observed remained the same, and most of the magnitudes of association remained unchanged; however, the ORs for maternal substance use disorder were greater in both the offending frequency and type models (1.60-1.68) compared to the models that included any maternal mental illness (1.41-1.43).
Subsets of offending parents
Analyses were also conducted restricting the sample to children with offending parents (see Online resource Tables  S7-S11 ). In the models including only those children with an offending mother (N = 5711; Tables S7-S8), patterns of association remained similar; however, by Block 4, several indicators were no longer statistically significant, including child ESL, socioeconomic disadvantage, paternal offending, and nonviolent maternal offending. No substantive differences were found between analyses conducted with the full sample and those restricted to children with an offending father (N = 17,493; Tables S9-S10). A final set of analyses examined frequency and type of parental offending simultaneously (Table S11 ). In the analyses restricted to offending mothers, violent and frequent (2-5 and ≥6 offences) maternal offending was significantly associated with offspring aggression, and paternal offending was no longer significant. In the analyses restricted to offending fathers, maternal violent and paternal violent and frequent (≥6 offences) offending were associated with offspring aggression.
Discussion
The present study examined the impact of maternal and paternal offending on early childhood aggression in a large epidemiological sample of over 69,000 Australian children. Both mothers' and fathers' involvement in offending contributed to children presenting high levels of aggression at school entry, with similar effect sizes. The most robust influences on high levels of children's aggression were found for child sex (male), followed by parental violent and frequent offending. Parental offending remained an important influence on early childhood aggression even after accounting for parental history of mental illness, or substance use disorders specifically, which also contributed to offspring aggression. Although three times more fathers (25.5%) had a history of criminal court appearances than did mothers (8.4%), both parents influenced their offspring's aggression. Mothers' offending initially seemed to be more influential on children's aggression relative to fathers', which might be expected since mothers are typically primary caregivers at this age; however, after accounting for additional risk factors, there was little difference in the magnitude of the relationship. Similarly, mothers who were involved in minor and infrequent maternal offending initially appeared to contribute to offspring aggression (unadjusted ORs and Blocks 1-2), but the effect of these mothers with limited criminal involvement was not maintained once fathers' offending was accounted for. This underlines the importance of accounting for different parameters of offending rather than treating offending as a homogeneous behaviour [13] . Moreover, we did not find that the relationship between parental offending and offspring aggression was sex-specific; mothers' and fathers' offending influenced sons and daughters to similar degrees. We did not, however, examine the mechanisms underlying this transmission, which has been shown to differ by sex [12, 20] .
Our findings suggest that families where parents were involved in offending tended to experience multiple adversities. Notably, offending mothers were more likely to experience mental illness and social disadvantage, and to have a partner who was also involved in offending. This pattern of disadvantage was even more likely for those mothers involved in frequent offending. Other research has similarly shown that antisocial parents are at increased risk of pervasive social impairment impacting the family environments of their children, which in turn can contribute to child behaviour problems, including life-course persistent antisocial behaviour [21, 24] . Recent studies indicate that both genes and environment contribute substantially to parent-offspring resemblance in antisocial behaviour [15, 47] , with genes influencing close to 50% of antisocial behaviour [48, 49] . The NSW-CDS does not have a genetic component, so it was not possible to test this formally in the current study; nonetheless, it is likely that both genetic and environmental influences are transmitted from parents to offspring (passive gene-environment correlations), and contribute to the development of high levels of aggression in early childhood [16, 50] .
Limitations and strengths
The administrative data in this large epidemiological study were not collected for research purposes, which may have led to classification errors. An underestimation of parental offending is likely, particularly for older parents in the sample, as court appearance data collection only began in 1994. The use of official data also underestimates offending by failing to capture individuals who do not come to the attention of the criminal justice system; however, research has shown that official and self-reported measures of offending over the life course are associated [51, 52] . Similarly, it is likely that parental mental illness was underestimated as the data collection began in 2001. Moreover, primary care and full private service provider health records were not available, and are likely to reflect additional mental health problems. While over 99% of mothers in the study are the biological parent, it was not possible to confirm the biological status of fathers. The degree of parental contact with the child was not available; in 2012-2013, 75% of NSW children lived in intact families with both parents [53] . The study did not include other potentially important control variables, such as parenting practices, genetic factors, or individual-level measures of socioeconomic status (e.g., parental education or income), which would be preferable to our geographic measure. These missing variables and potential measurement error in the variables we used increase the possibility of residual and unmeasured confounding. The AEDC was developed to measure childhood vulnerability and school readiness rather than to research the development of aggression; as such, the aggressive behaviour subdomain is a broad measure of aggression that includes items reflecting disruptive behaviour. Though such behaviours are strongly related to physical aggression, a disaggregated measure of aggression would have permitted the delineation of effects for different subtypes of aggression [54] .
A key strength of the study is the large representative sample that included a substantial number of offending mothers. Moreover, data collection processes were independent (i.e., linkage of parental mental health and crime records with cross-sectional assessment of child aggression). Parental offending and mental health data were collected prospectively, and there was no recall bias or issues with social desirability that occur in smaller longitudinal studies involving self-report. Using population-based administrative data reduces the impact of potential selection and attrition biases which are a particular issue in the longitudinal research of high-risk groups (e.g., offenders, individuals with mentally illness) [55] . This study focused on early childhood outcomes, but will be followed up with a second record linkage in 2016 for middle childhood outcomes. A cross-sectional self-report assessment of mental health and wellbeing was conducted with approximately one-third of the cohort when the children were 11/12 years, which will enable us to examine the impact of parental offending on offspring aggression longitudinally.
Conclusion
Both mothers' and fathers' offending impacts offspring aggression during the early childhood period. This supports intervention efforts with 'at-risk' families during this key developmental period. It is well established that early parent/family training programs, such as home visitation, are effective in the prevention of delinquency and offending [56] [57] [58] . This study underlines the potential value of working with both parents at, or prior to, school entry to mitigate the development of later antisocial behaviour. While clinicians typically screen for mental ill health among parents of young children presenting for disruptive behaviour problems, screening for parental offending occurs less commonly. It could, therefore, be useful for psychiatrists and other professionals working with children to screen for a wider range of parental risk behaviours. It is also important to systematically intervene and provide support for offending women, especially when they become mothers [59] . 
